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Combat Anesthesia: The First 24 Hours

INTRODUCTION

Patients who suffer from acute traumatic injuries are
at significant risk for venous thromboembolism (VTE)
during their recovery period. Traumatic injuries have
effects on the physiologic mechanisms responsible for
clot formation and resolution, making prevention and
treatment challenging. In addition, trauma patients
often have injuries that involve and subsequently pre-
dispose them to hemorrhage, limiting the physician’s
ability to prevent and treat VTE.

Patients who are injured in a combat theater have
additional risk factors for the development of VTE.
Massive resuscitation with component products,
whole blood, and hemostatic agents such as factor
VIla and tranexamic acid may increase clotting risk.
Patients spend a large part of the first 48 hours after
injury traveling back to the continental United States
via the air evacuation system. During this time they
are intubated and sedated, sometimes paralyzed. Ex-
tubation often must be delayed, even when it may be

appropriate clinically, in order to maintain adequate
control of the patient during transport, because op-
tions to make interventions during flight are limited.
Although prophylaxis is often administered en route,
it may be withheld for precautionary purposes in
patients who have recently been resuscitated in an
operating room.

After the first 48 hours, patients can spend weeks
traveling to and from the operating room for wound
debridement and other procedures. Although some
surgeons are comfortable continuing chemical VTE
prophylaxis during trips to the operating room, oth-
ers are not, which results in substantial time without
chemical prophylaxis. Injuries from improvised ex-
plosive devices (IEDs) may involve lower extremity
amputations, preventing the regular application of
sequential compression devices (SCDs) or other types
of mechanical prophylaxis. Finally, when VTE does
occur, treatment failure and recurrence rates are high.

PATHOPHYSIOLOGY OF VENOUS THROMBOEMBOLISM IN TRAUMA PATIENTS

The Virchow triad, which consists of blood stasis,
endothelial injury, and hypercoagulability, broadly de-
fines the factors that determine the propensity to form
clot. Although trauma is a heterogeneous disease, any
patient with penetrating trauma and many patients
with blunt trauma will experience endothelial injury.
The coagulation cascade will be activated at the site of
injury, triggered by the exposure of the collagen matrix
and basement membrane that support the endothelial
lining. Endothelial damage in one area will cause
systemic changes, and clot can form in areas far from
the primary injury site, mainly the venous system in
the lower extremities. The greater the overall damage
to the endothelium, the higher is the propensity to
form clot.!

All patients with major trauma will experience stasis
during their recovery period. As mentioned above,
patients injured in a combat theater, for any given
degree of injury, are more likely to require prolonged
intubation, sedation, and paralysis because of the
need for rapid air evacuation back to Germany and
the continental United States. Although deep venous
thrombosis (DVT) can occur within the first 24 hours
after injury, rates increase significantly during recov-
ery, reflecting the cumulative effect of longer time
periods of immobility.*™*

Traumatic injury results in derangements of the co-
agulation cascade, including an increase in circulating
tissue thromboplastin and activated procoagulants and
a decrease in fibrinolytic activity. The resulting hyper-
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coagulable state tends to be proportional to the degree
of injury and decrease in tissue perfusion.' It follows
that trauma patients who are not being adequately
prophylaxed have high rates of DVT and pulmonary
embolism (PE).

Effects of Massive Transfusion, Factor VIIa, and
Tranexamic Acid

For research purposes, a massive transfusion is
defined as the requirement for more than 10 units
of packed red blood cells (pRBCs) during a resusci-
tation. Recent data from Operation Iraqi Freedom
(OIF) shows that 5% of all patients admitted to US
combat support hospitals in theater require a massive
transfusion.” Data from OIF has also shown that dur-
ing resuscitation a 1:1 ratio of pRBCs to fresh frozen
plasma (FFP) is associated with a lower mortality than
higher ratios.” The result has been a change in focus,
where clinical practice guidelines for resuscitations
in theater call for limiting crystalloid and increasing
the use of whole blood, FFP, platelets, cryoprecipitate,
and factor Vlla.

Because of the increases in inflammation, mortal-
ity, and multiorgan failure associated with massive
transfusion, an increase in VITE among patients who
survive their initial injury might be expected.® In fact,
the need for a massive transfusion is an independent
predictor of delayed initiation of chemical prophylaxis,
which subsequently increases the risk for VTE during
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recovery.” Transfusion of pRBCs has been indepen-
dently associated with VTE in patients recovering
from trauma.**’ In a study of patients in medical and
surgical intensive care units, platelet transfusion was
independently associated with VTE, although this
particular study excluded patients with traumatic
injuries."

Although the effects that FFP and cryoprecipitate
have on multiple organ failure and lung injury have
been well described,'? it is not clear whether either
represents an independent risk factor for VTE. One
small study found that receipt of FFP was highly as-
sociated with VTE, but the patients receiving FFP also
received over 10 units of pRBCs, so an independent
effect from FFP could not be established.” Because
military protocols have advocated fixed ratios of blood
component products during resuscitation, it has been
difficult to isolate the effect that any individual com-
ponent has on VTE risk in the active duty population
recovering from a combat injury.*

The CRASH-2 trial, a large randomized study of
tranexamic acid use for trauma, did not show an
increased risk of vascular occlusion, a composite sec-
ondary outcome measure that included pulmonary
embolism.” A randomized study of factor VIla use for
trauma patients also did not show an increased risk
for thromboembolic events,' although this study was
much smaller than the CRASH-2 trial. Two studies of
factor VIla in US military casualties did not find an in-
crease in thromboembolic events either.*"” In a review
of thromboembolic complications resulting from the
use of factor VIla at their institution, authors from the
Baltimore Shock Trauma Center found DVT or PE in
6 of 285 patients (2.1%) who had received the drug.
There was no comparison group available, and this
VTE rate seems well within what would be expected
in the typical trauma population who had not received
factor VIla."

In summary, pRBCs and platelets have been inde-
pendently associated with VTE in trauma and critically
ill patients, respectively. Although FFP, cryoprecipitate,
factor VIla, and tranexamic acid have not been proven
to increase VTE risk, given their mechanism of action
and known effects on coagulation, it seems reason-
able to assume they increase the likelihood for clot
to some degree. A higher VTE rate during recovery

should be expected for patients who survive a mas-
sive transfusion.

Prevalence of Venous Thromboembolism in
Trauma Patients

Early estimates put the rate of DVT in young pa-
tients with major trauma and without prophylaxis
at approximately 20%; both elderly patients with a
hip fracture and patients with head or spinal cord
injury have an estimated rate of 40%." Likely due to
the inherent heterogeneity of any trauma population
studied, DVT rates in other reports vary from 20% to
90%."'® Patient inclusion criteria, imaging modalities
used for surveillance and detection, and the presence
of prophylaxis will significantly affect overall VTE
rates. For similar reasons, PE rates also vary by report,
ranging from 4% to 22%,' with some estimated rates
as low as 0.7%."

Walter Reed Army Medical Center (WRAMC; now
Walter Reed National Military Medical Center), where
a large proportion of combat casualties are ultimately
transferred after being injured in theater, has collected
data on VTE events among casualties from OIF and
Operation Enduring Freedom (OEF). Over a period
of 18 months, from September 2009 through March
2011, data on 506 patients was recorded. No systematic
screening was performed, but 46 patients (9.1%) had
a documented VTE , and 18 (39.1%) of these events
occurred during the initial air evacuation prior to the
patient being admitted to WRAMC.*

Data from clinical studies have identified specific
risk factors that predispose patients to the devel-
opment of VTE."®***! The typical combat casualty
requires surgery and central venous catheterization,
which both increase the risk for VTE in all hospitalized
patients.” In trauma patients specifically, the follow-
ing factors have been independently associated with
VTE in individual studies or metaanalyses: age, blood
transfusion, surgery, lower extremity fracture,* long
bone fracture, spinal fracture, pelvic fracture, spinal
cord injury, delay in initiating chemical prophylaxis,
and increasing injury severity score (ISS).**' It is not
clear at this time how each factor interacts with the
others to provide a cumulative risk score for a given
patient.

PREVENTION OF VENOUS THROMBOEMBOLISM

Chemical prophylaxis with unfractionated heparin
(UFH) or low-molecular weight heparin (LMWH) is
the primary method of prophylaxis for most hospital-
ized patients.”” Trauma patients, and especially those
injured on the battlefield via high-velocity gunshots

or IEDs, pose a unique challenge because they can
initially present with a hypocoagulable state. Given
modern surgical techniques that involve damage con-
trol, packing of wounds, and early evacuation, physi-
cians are often hesitant to start any therapy that might
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increase the risk for bleeding. Therefore, this chapter
will discuss mechanical methods of prophylaxis (the
sequential compression device [SCD]) and prophy-
lactic inferior vena cava (IVC) filters as alternatives to
heparin for prophylaxis. Much of the discussion will
be based on two major position papers, the Eastern As-
sociation for the Surgery of Trauma (EAST) guidelines
for prevention of VTE in trauma patients, published in
2002,*" and the American College of Chest Physicians
(ACCP) guidelines published in 2008 for prevention
of VTE in all hospitalized patients.”

Mechanical Prophylaxis

An SCD is a dynamic device that fits like a sleeve
over an extremity, usually the calf or thigh, and
provides intermittent compression generated by an
external compressor. SCDs have been shown to affect
two components of the Virchow triad. They reduce
stasis by increasing blood flow in the extremity they
are worn on, and they increase fibrinolysis, thereby
reducing blood coagulation. Of note, both effects seem
to decline rapidly once SCDs are removed, implying
that continuous, uninterrupted use is required for
optimal benefit.*!

Studies assessing the efficacy of SCDs in hospital-
ized patients and in trauma patients in particular have
been inconsistent. The EAST guidelines™ cite a lack
of level I and II evidence, and use level III evidence
to conclude there is no evidence that SCDs prevent
VTE when compared to no prophylaxis. They note
that there is some data to support the use of SCDs
in head-injured patients. A recent metaanalysis of
patients requiring neurosurgery would support this
benefit, but the studies included in the analysis were
not made up of trauma patients.”

A metaanalysis published in 2006 also concluded
that SCDs have no benefit over placebo. This analy-
sis included only two randomized controlled trials
(RCTs)* with a combined total of 562 trauma patients.
Three other RCTs and 13 observational studies were
reviewed, but methodological issues in each study and
differences between studies prevented meaningful
interpretation and pooling of the data.

The 2008 ACCP guidelines also note the lack of good
evidence for efficacy. They discuss the additional con-
cerns that up to a third of all trauma patients will have
a contraindication to SCDs due to extremity injuries,
and nursing and patient compliance with SCDs tends
to be poor. In summary, they recommend the use of
SCDs for all trauma patients with a contraindication
to chemical prophylaxis.

The US military has adopted this approach for
in-theater casualties,” which seems prudent for the
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following reasons: (1) a significant number of patients
injured in theater will have an initial contraindication
to chemical prophylaxis; (2) there is physiologic data
and rationale to support the use of SCDs; and (3) SCDs
seem to have few side effects provided they are not
applied to an injured extremity. In addition, in studies
of critically ill or traumatically injured patients who
were screened for events, 3% to 10% of patients who
develop DVT have the clot detected on their initial,
day 1 ultrasound.””'** Delay in the initiation of chemi-
cal prophylaxis of more than 4 days from the date of
injury results in three times the risk of VTE compared
to institution of chemical prophylaxis within the first
48 hours.” SCDs would seem a safe and potentially
effective “bridge” to chemical prophylaxis to reduce
this risk.

Unfortunately, many patients with IED injuries will
not be able to use SCDs on their lower extremities.
Although the data supporting the use of SCDs on the
upper extremity for prevention of VTE is particularly
weak,” for the reasons listed above, this approach
would also be reasonable for the high-risk trauma
patient with no other options for prophylaxis.

Chemical Prophylaxis

Because several studies have shown that UFH may
not be sufficient for prophylaxis in trauma patients,
the EAST guidelines recommend LMWH be used.
These guidelines list nine studies that evaluated the
use of UFH for patients recovering from major trauma,
including a metaanalysis showing no reduction in VTE
events when UFH is used for prophylaxis.?® Although
the 9th consensus ACCP guidelines cite this same
report, many of the studies suffer from small sample
sizes, and they note the possibility of type II error.”

LMWH has become the treatment of choice for
high-risk trauma patients.”**' This is mainly due to its
safety and ease of use, and because a high-quality RCT
showed superiority to UFH. Data from service mem-
bers evacuated to WRAMC with traumatic injuries
also show that LMWH specifically is associated with
a reduced risk for VTE.* The following discussion re-
views the individual studies and consensus guidelines
that recommend LMWH for trauma patients.

In a study of 442 trauma patients comparing a
LMWH to a mechanical method of prophylaxis (SCD),
only one patient in the group randomized to Lovenox
(Sanofi, Bridgewater, NJ) 30 mg, subcutaneous, twice
a day, suffered from DVT.*® There was no significant
increase in bleeding in the Lovenox group, implying
that LMWH would not increase bleeding risk more
than using SCD alone. However, the SCD group in this
study also had a low rate of VTE that was not signifi-
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cantly different than the LMWH group. Knudson® also
compared Lovenox 30 mg, subcutaneous, twice a day,
to mechanical prophylaxis and found no difference in
VTE rates, although the number of events across both
groups was very small. Knudson found no significant
increase in bleeding in the LMWH group.

Stannard® compared two different prevention
protocols using Lovenox 30 mg, subcutaneous, twice
a day, in 200 orthopedic trauma patients. One group
started Lovenox within 48 hours of admission, while
the other started mechanical prophylaxis and delayed
Lovenox for 5 days. For the entire population, 22 of 200
patients (11%) experienced DVT. There was no statisti-
cally significant difference between groups.

In a prospective cohort study of high-risk trauma
patients (mean ISS = 19.5) receiving the LMWH dalte-
parin at a dose of 5,000 units daily, rates of DVT and
PE were 3.9% and 0.8%, respectively. Of the 16 patient
deaths, none was judged as being due to PE or late
hemorrhage.” In an RCT that enrolled orthopedic
trauma patients and compared two different doses of
the LMWH nadroparin, 3 of 215 patients (1.4%) had
DVT after 10 days, and 5 of 150 (3.3%) had DVT after
6 weeks. Major hemorrhage occurred in 10 of 283
patients (3.5%).%

In an RCT with 344 patients with trauma and an
ISS greater than or equal to 9, Lovenox 30 mg twice a
day was significantly more efficacious than UFH 5,000
units twice a day for reducing DVT.* LMWH was
not associated with an increase in bleeding rates or
blood transfusions when compared to UFH. Patients
in this trial underwent surveillance and evaluation for
symptoms with a combination of ultrasound and con-
firmatory venography. Patients in the LMWH group
had 40 total (31%) and 8 proximal DVTs (6.2%), still a
significant number.

Four other trials have compared UFH to LMWH.**"
The three that were randomized found that there were
fewer VTEs in the LMWH group, but only one found
a statistically significant difference.”® The average
sample size for these trials was less than 50 patients.
The fourth trial was a before-and-after comparison that
was carried out after hospital protocol was switched
from LMWH to UFH three times daily for trauma
patients.”” Among a total of 476 patients, no difference
in VTE rates between the two regimens was found.

More recently, a small study of surgical intensive
care unit patients, 85% of whom suffered from trauma,
found that anti-Xa levels were subtherapeuticin 50% of
patients receiving Lovenox 30 mg, subcutaneous, twice
a day, for prophylaxis.* For the entire group, 26% had
a VTE during their hospitalization, and those with sub-
therapeutic levels of anti-Xa were significantly more
likely to experience a VTE. Given these findings, along

with the high rates of VTE for patients on LMWH in the
Geerts,” Holley,*and Stannard™® studies, the search for
a better chemical agent or method to prevent VTE in
trauma patients continues." In the meantime, Lovenox
30 mg, subcutaneous, twice a day, has the most data
to support safety and efficacy and should remain the
agent of choice for prophylaxis for the trauma patient.

Neuraxial Blockade

Given the high doses of analgesic medications re-
quired for pain control in the multitrauma OEF/ OIF
patients and the known side effects of narcotics, early
placement of epidural and peripheral nerve catheters
(collectively referred to as neuraxial blockade [NAB]) is
being recommended.” For those patients who receive
an epidural or deep peripheral block, there is a small
but real risk of hematoma. Outcomes after epidural or
spinal hematoma are largely dependent on the speed
with which the resulting neurologic deficits are rec-
ognized and the blood is surgically evacuated.” For
the intubated, sedated, and often paralyzed combat
casualty being flown across multiple time zones, new
deficits can easily be missed.

It is clear that the presence of anticoagulation
increases the risk for hematoma, though the conse-
quences are much worse for epidural and deep pe-
ripheral blocks (at noncompressible sites).*’ Based on
case reports published in the literature and adverse
drug reports from LMWH manufacturers, risk factors
for spinal hematoma in the presence of LMWH pro-
phylaxis have been identified. LMWH twice per day
was associated with an increased risk, as was the use
of nonsteroidal antiinflammatory drugs or other anti-
coagulants in addition to LMWH prophylaxis. Because
LMWH twice daily is the recommended treatment
dose for trauma prophylaxis and aspirin is often used
when a traumatic vascular injury requires grafting,
neuraxial blockade can limit treatment options in the
trauma patient. Only one study has specifically looked
at the effect that extended periods of NAB have on
VTE rates for hospitalized trauma patients.” Though
chemical prophylaxis was reduced in accordance with
guidelines, there was no increase in VTE rates in the
group receiving NAB.

Inferior Vena Cava Filters

The use of an IVC filter for VTE prophylaxis in
the trauma patient is controversial. Both the ACCP
and EAST guidelines acknowledge that there is no
high quality evidence to support their use. A recent
metaanalysis could not find any randomized trials
to evaluate their use.” According to the EAST guide-
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lines, observational studies that compare outcomes
to historical controls support the use of IVC filters
as prophylaxis for the high-risk trauma patient with
contraindications to chemical prophlaxis. The ACCP
did not feel there was sufficient evidence to make
such a recommendation. Although removable filters
are discussed by both, neither feels that they alter the
risk-benefit ratio sufficiently to change their general
conclusions about prophylactic filter placement at
this time.

The metaanalysis* noted that of the observational
studies assessed, only two recorded DVT as an out-
come. Neither screened for DVT; they only recorded

symptomatic events. Although a statistically signifi-
cant difference was not found, the number of events
was small, and one study did show more DVTs in the
filter group. The two observational studies did find a
significant decrease in PEs favoring the prophylactic
filter group. In their conclusions though, the meta-
analysis authors note that because most of the studies
were more than a decade old, they did not follow
current guidelines for chemical VTE prophylaxis. If
they had, it is not clear what the effect of prophylactic
filter placement would have been. Therefore, the au-
thors concluded that they could not recommend for
or against their placement.

SUMMARY

Acute trauma patients have a high rate of VTE if
prophylaxis is not instituted. The average combat casu-
alty who s critically injured is at particularly high risk,
and poses unique challenges. Chemical prophylaxis
should be started as soon as it is considered safe to do
so. Until it is safe, mechanical prophylaxis should be

used. A careful risk-benefit assessment must be done
for each patient before NAB is started, but limited data
in the combat-injured military population show that
placement does not increase VTE rates. In the appropri-
ate, high-risk patient with contraindications to chemi-
cal prophylaxis, an IVC filter could be considered.
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